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ABSTRACT 


Clinching is a mechanical joining method. Is it utilized in automobile industry 
as an alternative method to resistance spot welding. Considering that various 
types of materials are joined in car body production, PVD coatings are used to 
increase the lifetime of the clinching tools. Hot-dip galvanized steel sheets 
were used for joining by clinching method. The zirconium nitride (ZrN) PVD 
coating was deposited on the surfaces of clinching tool. The loss of cohesion 
properties of coating was observed at punch's R0.2 radius after 300 clinched 
joints. FEM analysis was used to show the punch's critical part when the tool is 
under load. 
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1. INRODUCTION 

In economic and environmental terms, there has been more 
interest in the development of lightweight structures in 
recent years. The need for joining different, with different 
finishes or difficult to weld lightweight materials has led to 
the development of mechanical joining techniques such as 
clinching, clinch-riveting, self-piercing riveting and others [1- 
3], 

Clinching is a fast and progressive steel sheet joining 
technique. It is used in various industries. The clinching tool 
consists of a punch and a die. With these, local plastic 
deformation of two or more parts to be joined occurs during 
mechanical joining. Local deformation results in mechanical 
interlocking of the joined materials. Two or more sheets can 
be joined without the need for additional elements such as 
rivets, screws and etc. Compared to spot resistance welding, 
the clinching method does not require pre-treatment of 
joined materials such as drilling (for riveting), cleaning and 
roughening (for adhesive bonding), or other types of pre¬ 
treatment typical for welding. It is possible to join ferrous and 
non-ferrous metals, their various combinations or metals and 
plastics [4-8]. 

During mechanical joining, the active parts of the tool are 
both loaded and worn, which leading to increased 
requirements for tool life. The wear of the tools for 
mechanical joining can be reduced in various ways, for 
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example by suitable material selection, heat treatment or 
surface treatment of the tool. One of the methods of surface 
treatment is the application of thin coatings by the PVD 
method [9]. 

11. Methodology of experiments 

The principle of mechanical joining - clinching has been 
described in [10,11]. 

The sequence of the joint formation takes place in four 
elementary phases [12] - see Fig. 1. 

First phase - the sheets to be joined are held together by a 
holder to fix their position. 

Second phase - the punch performs a vertical downward 
movement, thereby forming a cylindrical bulge from the 
sheets in the die cavity. 

Third phase - the action of the punch reduces the thickness 
of the materials to be joined at the bottom of the die and at 
the same time the material is forced to "flow" sideways, 
which in combination with a specially shaped die cavity 
creates interlocking between the joined sheets. 

Fourth phase - the maximum force or the maximum stroke 
of the punch is achieved, the joint is made and the punch 
moves back to its initial position. 
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Fig.l. Clinching - creation of the joint [13] 

The tool for mechanical joining by clinching consists of a 
punch with a diameter of the active part 05 mm and a punch 
with a cavity diameter of 0 7 mm (Fig. 2). 
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Initial state of the surface morphology of the punch and die 
was observed by scanning electron microscopy in potentially 
critical areas of the tools - perpendicular to the axis of the 
cylindrical surface of the punch and die. These areas were 
named as the tip (V), the tip radius (RV) and the 
surroundings of the tip (OV) (see Fig. 3]. 



The geometry of the joint, which was created by the clinching, 
directly affects the resulting characteristics in terms of joint 
strength and load-bearing capacity, the clinching joint 
geometry itself depends on the geometry of the punch, die 
and selected process parameters [1]. 



a) b) 

Fig.2. Clinching tool dimensions: a) die, b) punch 


PVD coating of the ZrN type was deposited on the punch and 
die by the LARC method. The tool used was a tool steel grade 
1.3343 with a carbon content of up to 0.9%. The chemical 
composition of the mentioned tool steel is shown in Tab. I. 

table i. Chem ical composition of steel 1.334 3 in wt [%] 


c 

Mn 

P 

S 

0.9 

0.33 

0.019 

0.005 

Si 

Cr 

Mo 

V 

0.31 

3.88 

4.76 

1.85 


The clinching was used to join a 0.8 mm thick H220PD hot- 
dip galvanized micro-alloyed steel sheets with a force of 7 kN. 
Sample sizes for joining 40x90 mm with 30 mm lap overlap 
were determined according to STN 05 1122 standard. The 
basic mechanical properties and the chemical composition of 
steel H220PD are shown in Tab. II and III. 

table ii . Chemical composition of steel 1.3343 in w t [%] 


Re TMPA1 

r„ tmpaI 

Aso [%] 

Ao [MM] 

220^280 

340-t410 

32 

0.8 


TABLE III. CHEMICAL COMPOSITION OF STEEL 1.3343 IN WT 

_ [%] _ 


C 

Mn 

P 

A1 

0.01 

0.43 

0.05 

0.04 

Si 

Cr 

V 

Ti 

0.12 

0.04 

0.01 

0.03 


Since no significant degradation phenomena were observed 
on the die during joining, the focus was mainly on the punch. 


III. results and discussion 



Fig. 4 shows the morphology of the ZrN coating in the region 
of the tip of the punch (V) in a direction perpendicular to its 
face. This surface condition is the initial state of the tool after 


coating deposition. The surface after deposition had a 
characteristic texture as a result of the surface grinding 


Fig.4. Initial state of ZrN coating in the area V 


The stress concentrators in the form of technological notches 
have been identified as a result of machining by turning to the 
desired dimension in initial state in the area of the tip radius 
(RV), as seen in Fig. 5. The surface in this area was not treated 
to the specified surface roughness Ra 0.2 pm. For this reason, 
the RV area was identified as critical. 


During the joining of 0.8 mm thick sheets of H220PD with a 
joining force of 7000 N, the ZrN coating was damaged on the 
punch after 150 joints were produced. The coating was 
damaged in the RV area along the entire circumference of the 
cylindrical surface of the punch tip in the width of 100 to 200 
pm. This phenomenon is documented in Fig. 6. 



Fig.5. Initial state of ZrN coating in the area RV 
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Fig.6. Decohesion of ZrN coating in the area RV 


b) 


Type: Equivalent Elastic Strain 
Unit: mm/mm 

0.0054 Max 


1 0.00498 
00045981 
0.0042161 
0.0038342 
— 0.0034522 
n 0.0030702 
J 0 0026883 
I 0.0023063 
0.0010244 
0.0015424 
0.0011604 
m 0.00077848 
■ 0.00039652 

1.4561*5 Min 


Max* 


R=0.0 mm 


During the joining, the punch in the third phase of clinching is 
under pressure load caused by the contact between the 
punch and the deformed reinforced sheets, which at the same 
time reach the tip of the die and the whole system behaves 
like a rigid material. 



0.00 2.50 5.00 [mm] 

"" 7.25 “75 


Fig.8. FEM model of the punch with: a) R = 0.5 mm, 
b) R = 0 mm 


The level of stresses and elastic deformations in the critical 
area of the RV punch was characterized by FEM modeling of 
the partial [third] phase of material joining by the clinching 
method. 


Modeling of this partial operation was performed as a planar, 
axially symmetrical model [Fig. 7]. The sheets were modeled 
as an ideal plastic model and the punch was modeled as an 
elastic model [E = 210 GPa in both cases]. 



Two RV cases were simulated: the first one [real] as with 
R0.5 mm and the second one as the ideal sharp with R0 mm 
(Fig. 8). 


a) 

Type: Equivalent Elastic Strain 
Unit: mm/mm 


1 0.0031 Max 

0.002933 
0.002755 
* 0.002576 
0.002398 
— 0.00222 
0.002042 
i— 0 001864 
0.001686 
0001507 
0.001329 
0.001151 

1 00009728 
0.0007946 

0.0062 Min 


MaxF" 
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y 0.00 2.50 5.00 [mm] 

t * , x “25 “75 


The simulation confirmed the concentration of elastic 
deformations in the critical area of the tip radius when the 
punch is loaded with 7000 N. The level of elastic 
deformations in the critical area of the punch RV is nearly 
twice that of an ideal sharp RO mm transition compared to 
the tip radius R0.5 mm. Changing the radius in this region 
affects the stress-strain state at the coating-substrate 
interface and can thus affect the adhesive properties of the 
thin layer. At the thin coating-substrate interface, nucleation 
occurs and spreads further. 

Conclusion 

The advantages of mechanical joining by clinching consists in 
the use of economical and simple equipment, there is no 
thermal degradation of the material, degradation of metal 
and organic coatings; the method is suitable for joining 
materials with different coatings and thicknesses. 

The process of damaging the ZrN coating on the punch in the 
critical region of the projection radius is the result of multiple 
effects. Technological notches in the critical area of the tool as 
a result of mechanical machining cause stress concentrations 
that are greater than the stresses caused by the contact of the 
tool with the sheets to be joined. 

Residual stresses occurred during the deposition of the ZrN 
coating on the substrate. The combination of these stresses in 
the critical region of RV is higher than the adhesive strength 
of the coating-substrate system, resulting in crack formation 
and further propagation. The ZrN coating delaminates and 
the substrate is exposed to the joined material. FEM 
simulation of the partial operation of the joining method 
showed, that the intensity of the applied stresses and elastic 
deformations can be varied by changing the radius of 
curvature on the transition face of the face to the punch 
protrusion. 
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